Brief studies of microearthquakes in four separate parts of eastern Afghanistan reveal a high level of seismicity over a broad area. In general, the activity is not concentrated on well-defined faults, nor does it define new faults, but seismicity on or close to the Chainart and Sarubi faults attests to their activity. First motions of P waves are consistent with left-and right-lateral strike-slip motion, respectively, on these two faults. Fault plane solutions and composite solutions of events in different areas throughout the region differ from one another, but in general, the P axes are parallel to the north-northwest direction of relative motion between India and Eurasia. Several earthquakes beneath Kabul and its immediate surroundings emphasize a need for further study of its seismic hazard.
agery (
) and seems to be associated with seismicity. These faults appear to divide the region into wedge-shaped blocks that move with respect to one another but also undergo some internal deformation [Carbonnel, 1977] . Although the seismicity located with teleseismic phases for the last 15 years has been low, numerous historical earthquakes attest to con tinuing activity (Figure 1 ) Karim, 1970, 1973 ; Quittmeyer and Jacob, 1979] .
To examine the active deformation of the region, we installed temporary networks of partable seismographs in four parts of eastern Afghanistan for periods of 1-2 two weeks in 1976, 1977, and 1978 . These studies were intended to supplement data obtained from a study of intermediate-depth seismicity in the Hindu-Kush region [Chatelain et al., 1980] .
DATA

Instruments and Procedure
For each of the four networks we used portable Sprengnether MEQ-800 seismographs with Mark Product L-4C vertical seismometers. The amplifier was usually set at 84 db, corresponding to a total magnification of 5 x 10 • at 10 Hz. The drum rotation rate was 60 mm/min. By checking the clocks every 2 days with radio signals from the ATA station in New Delhi, clock drifts were found to be less than 0.1 s for 2-day periods.
We measured arrival times with a hand lens, with a scale 12 cm long and graduated at 0. l-mm intervals. We estimate that, in general, P wave arrival times could be measured with un- where A is hypocentral distance in kilometers [Lee and Lahr, 1975] . Because the instruments in Afghanistan were different from those used in determining this empir•al formula, our estimates of signal duration are probably systematically too long. However, the magnitude depends on the logarithm of the duration, so the effect of this difference is probably not great. A complete list of the locations is available on microfiche.
•
Velocity Structure and Uncertainties in Locations
Since there are no studies of the velocity structure of any of the region considered here, we defined our own velocity structure (Table 1) as follows. First, we estimated a value for the ratio of the P wave and S wave velocities, vffvs. Hypo 71 uses a constant ratio for all depths. We chose the 10 most well recorded events with S waves, and for each we constructed Wadaft diagrams, plots of differences in S wave and P wave arrival times versus P arrival time. We obtained a range of values of vffvs --1.70-1.76 with a well-defined mean at 1.73, which we used for all locations. We used three criteria to define good locations: the root mean square (rms) residual of the arrival times used to determine the location (typically rms is 0.1 s), the uncertainty in the depth obtained from Hypo 71 (ERZ), and the P wave residual at the nearest station (PRZ). We explored different layered structures in order to find the structures that minimized these parameters for 46 well-re- To estimate the uncertainties in the locations, we made several tests. First, we examined the influence of random noise in the arrival times on the calculated location. This should allow an estimate of the importance of random errors in arrival times. We calculated travel times from hypothetical events in different regions and then added random noise, with zero mean, of 0.1 s for P waves and 0.5 s for S waves to the arrival times. The differences between the computed and actual locations are generafly less than 1 km (Table 2) .
We then examined the influence of the station distribution by calculating locations of these hypothetical events with subsets of the arrival times. The results again show that for networks of five to six stations near the epicenter (those stations most likely to record the events), the differences in computed and actual locations are generafly about 1 km (Table 2) We then calculated locations using a different value of vffvs = 1.70. For this case we used all of the stations. The computed locations differed by less than 1.5 km from the actual locations (Table 2) . Finally, we examined the effect of different velocity structures on the locations. In particular, we considered homogenous half spaces with different values of v• of 5.8, 6.0, 6.2, and 6.4 kin/s, and relocated the events with these structures. In general, the epicenters differ by less than 1 km and the depths by less than a few kilometers (Table 2) .
From these tests we conclude that when five or more stations near the epicenter record clear arrivals, the precision of the calculated epicenter is probably about 4 km or less and that of the depths is about 6 lcm.
Fault Plane Solutions
Although we recorded first motions of P waves from only 12 stations in the optimum case, we attempted to determine fault plane solutions for individual events whenever possible. In a few cases, unique solutions could be obtained in this way, but in general, it was necessary to combine data and to construct composite fault plane solutions. For example, solution 5B in Figure 3 for a single event is poorly constrained, but by including data from another event in the same region (5D), two well-constrained planes can be drawn. Because it is difficult to evaluate the basic assumption used for composite solutions, that the radiation patterns for all of the events are the same, uncertainties for composite solutions are greater than those of single events. Indeed, when first motions from many events are combined, there are often many inconsistencies. In constructing the solutions therefore we did not, in general, combine data that were simply consistent with one another but instead chose all first motions from earthquakes in welldefined clusters. Thus from the scatter in the data we can evaluate the extent to which the nodal planes fit the data well (Figure 3) . For some regions the lack of consistent data made it impossible to obtain composite solutions.
A principal source of uncertainty in the solutions arises from ignorance of the velocity structure. For a layered structure and for different depths of foci and different epicentral distances, the ray path can initially go up directly to the station or go down and refract along a deeper interface. An erroneous structure can strongly affect the calculated radiation pattern. To explore the influence of the velocity structure, we examined the calculated radiation patterns for all well-recorded earthquakes using three structures: A, which contains 20 layers and approximates a continous gradient from 6.0 to 6.7 km/s in the crust; B, the three-layered model used for locations (Table i) ; and C, a homogenous half space. In a few cases, solutions were discarded because they depended strongly on the assumed velocity structure. As examples of so- We were able to locate 27 earthquakes with magnitudes up to about 3. The calculated depths are between 5 and 25 km. There was inadequate activity to define a simple pattern, but it is clear that Kabul and its surroundings are active. Seven earthquakes occurred in the immediate vicinity of the city in this 1-week period.
A composite fault plane solution of mediocre quality for these events near Kabul (1D in Figure 3 and Table 3) 
CONCLUSIONS
The most obvious results of this study are that the seismicity is not confined to narrow zones but is scattered throughout the region of study (Figure 9 ) and that the fault plane solutions likewise show considerable variability (Figure 8) . Most of the activity neither can be clearly associated with any known active faults nor clearly defines a major unrecognized fault. This activity seems to represent more diffuse deformation of a broad area. The most consistent pattern, however, is that the P axis is oriented approximately north-northwestsouth-southeast, parallel to the present direction of convergence between India and Eurasia. An upper hemisphere projection of the P axes for all of the solutions (Figure 10 There is scattered activity beneath Kabul and its immediate vicinity. A composite fault plane solution indicates thrust faulting with a northwest-southeast P axis. The occurrences of several earthquakes with magnitudes up to 3 in a 1-week period calls attention to the need for a more thorough investigation of the seismic risk of Kabul and its environs.
